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Figure S1. Electrophysiological properties and spine density of ESKir2.1+ neurons  
(A and B) Leak currents in 7 dpi neuroblasts measured by sweeping the membrane 
voltage from -90 to -20 mV at a rate of 35 mV/s. Control neuroblasts (A) had significantly 
lower levels of linear leak currents than ESKir2.1+ neuroblasts (B).  
(C and D) Representative traces showing membrane potential changes in response to 
current injection in control (C) and ESKir2.1+ neuroblasts (D). ESKir2.1+ neuroblasts 
were hyperpolarized and required larger current injection to depolarize to levels of 
membrane potential similar to those of control neuroblasts.  
(E—G) At 7 dpi, neither control nor ESKir2.1+ neuroblasts had voltage-gated sodium 
currents. ESKir2.1+ neuroblasts were more hyperpolarized (F) and had lower input 
resistances (G) than control neuroblasts.  
(H) ESKir2.1+ neuroblasts required 70 pA more of current injection than control 
neuroblasts to reach a membrane potential of -40 mV at 7 dpi.  
(I) Spontaneous excitatory postsynaptic current (sEPSC) in ESKir2.1+ or mCherry+ 
neurons at 18 and 26 dpi.  
(J) In the early phases of maturation (17-19 dpi) the frequency and amplitude of sEPSCs 
were similar for control and ESKir2.1 neurons (n = 7-9 neurons in each group).  In the 
late phase of maturation (26-28 dpi) the frequency of sEPSCs was similar for control and 
ESKir2.1+ neurons, but the amplitude of sEPSCS was significantly increased in 
ESKir2.1+ neurons.  (26-28 dpi; n = 8-9 neurons in each group; *p=0.0056).  
(K) Confocal images of representative apical dendrites of ESKir2.1+ and control neurons 
at 28 dpi. Scale bar represents 20 μm.   
(L) The density of spines in the apical dendrites was similar for control and ESKir2.1+ 
neurons (n = 21-22 neurons in each group).  
Two-tailed t-test used for statistical analysis. Error bars indicate SEM. 
  
Figure S2. Expression of either ESKir2.1 or NaChBac does not alter the 
distribution of migrating neuroblasts within the rostral migratory stream (RMS), 
and the muscarinic agonist carbachol induces long depolarizations in adult-born 
GCs 
(A) Confocal images showing the distribution of migrating NaChBac+ and mCherry+ 
neuroblasts in the RMS within the OB at 7 dpi. “A” and “P” indicate the anterior and 
posterior sections of the bulb, respectively. Scale bar represents 100 μm.  
(B) EGFP+/mCherry+ cell ratios in the posterior, middle, and anterior portions of the RMS 
remain unchanged by expression of NaChBac at 7 dpi (n = 6-12 bulb sections in each 
group). “A”, “M” and “P” indicate the anterior, middle and posterior regions of the bulb, 
respectively. The regions are defined as three equal parts that divide the entire 
population of migrating neuroblasts in horizontal OB sections at 7 dpi when >99% of 
neuroblasts are located within the RMS (inset diagram).  
(C) Expression of ESKir2.1 did not change the migration pattern of neuroblasts at 7 dpi 
(n = 14 bulb sections).  
(D) Images showing the distribution of ESKir2.1+ and mCherry+ cells within the OB at 14 
dpi. Scale bar represents 250 μm.  
(E) Images showing the distribution of ESKir2.1+ and mCherry+ cells in the OB at 28 dpi. 
Scale bar represents 100 μm. 
(F) Carbachol induced a long-lasting after-depolarization-potential (ADP) in 18 dpi GCs 
and increased spike numbers upon suprathreshold stimulation.   
(G) Application of 10 mM atropine, a muscarinic receptor antagonist, prevented the 
depolarizing action of carbachol in 18 dpi cells.   
(H) All cells studied at 18 dpi had ADPs triggered by carbachol, which was blocked by 
atropine.  In contrast, carbachol exposure only induced ADPs in 50% of the cells at 28 
dpi.   
Two-tailed t-test used for statistical analysis. Error bars indicate SEM. 
 Figure S3. NMDAR-deficient neurons rescued by up-regulating intrinsic electrical 
activity develop a similar morphology to control neurons and receive AMPAR-
mediated synaptic input.  
(A) Confocal images of representative apical dendrites at 28 dpi, of NR1-/- neurons that 
express NaChBac and of control neurons. Scale bar represents 20 μm.   
(B) Representative electrophysiological recording trace showing that NR1-/- neurons 
expressing NaChBac receive AMPAR-mediated synaptic input. 
 






























avertin, before  they were perfused  intracardially,  first with phosphate buffer  saline  (PBS) and 
then with 3% paraformaldehyde  (PFA). The bulbs were  incubated with 3% PFA overnight, and 




in  PBS,  for  15 min  each  time,  before  a  2‐hour  incubation  at  room  temperature with  Alexa 
Fluor®  488  or  555  goat  anti‐rabbit  secondary  antibody  (Molecular  Probes,  catalog  A11008) 





Two  viruses were mixed  at  an  approximate 1:1  ratio  for  survival  analysis. One of  the  viruses 
carried  the construct encoding mCherry, while  the other carried one of a range of constructs: 
hrGFP linked to ESKir2.1 by an EMC IRES, EGFP alone, NaChBac or NaChBac E191K fused to EGFP 
(NaChBac‐EGFP  or  NaChBacE191K‐EGFP),  and  Cre  Recombinase  linked with  the  2A  linker  to 
EGFP,  NaChBac‐EGFP  or  NaChBacE191K‐EGFP  (NaChBac‐Cre  or  NaChBacE191K‐Cre). 
Fluorescently  labeled  cells  were  quantified  with  the  aid  of  the  Neurolucida  software 
(MicroBright Field  Inc.). The survival ratio  is defined as the total number of EGFP‐positive cells 
(including double‐labeled cells) divided by of the number of singly  labeled mCherry‐expressing 
cells.  The  ratio  of  EGFP+  to  mCherry+  neurons  at  7  days  post  infection  (dpi)  was  used  to 
normalize all data at subsequent time points for comparison, hence ratios at all subsequent time 
points  were  relative  to  the  7  dpi  ratio.  Three  to  7  entire  sections  per  olfactory  bulb  were 




Viruses  carrying  constructs  for  palmitoylated  EGFP  connected  by  a  FMDV  2A  linker  to  either 
NaChBac or NaChBacE191K were  injected separately  into each SVZ  in a single animal. Coronal 
sections 350 µm‐thick were made of each olfactory bulb.   The  labeled neurons were  imaged 
with  a  two‐photon  microscope  (Sutter  Instruments)  with  a  60X  objective  lens.  Serial 
reconstruction and dendrite analysis was performed with the Neurolucida software by a blinded 














glucose  (308 mOsm,  and  pH  7.3).  Bulbs were  incubated  in  ice‐cold  cutting  solution  and  cut 
horizontally  into 350 μm  slices with a  Leica microtome at a  speed of 0.08 mm/s. Slices were 
incubated  for 30 min at 35°C,  for  recovery,  in  carbogenated  recording  solution  containing  (in 
mM): 125 NaCl, 2.5 KCl, 1.25 NaH2PO4, 26 NaHCO3, 1 MgCl2, 2 CaCl2, 20 glucose (312 mOsm, and 
pH  7.3).  Fluorescent‐guided  whole‐cell  patch  clamp  recordings  were  performed  with  a 
MultiClamp 700B amplifier (Axon Instruments). The pipette solution contained (in mM): 2 NaCl, 
4 KCl, 130 K‐gluconate, 10 HEPES, 0.2 EGTA, 4 Mg‐ATP, 0.3 Tris‐GTP, 14 Tris‐phosphocreatine 
(pH 7.3). Successful patching onto  the  target  cell was  confirmed by  identifying a  fragment of 
fluorescent membrane  trapped  inside  the  pipette  tip  during  or  after  the  recording.  Pipette 






because  they  triggered  frequent  EPSC  bursting  input  in  granule  neurons,  which  precluded 






neurons  expressing  both  Cre  recombinase  and  NaChBac‐EGFP  since  the  number  of  neurons 











The  Mann‐Whitney  test  was  used  for  comparing  the  frequency  of  spontaneous  firing  in 
NaChBac+  and  control  neurons  at  resting  membrane  potential  to  determine  statistical 
significance  (Figure 2C). To analyze survival rates  in sensory‐deprived versus control bulbs, the 
paired Student’s t‐test was used since these were paired bulbs of the same animal (Figure 2E). 
All  other  data  was  analyzed  with  the  two‐sample  two‐tailed  Student's  t‐test  in  OriginPro  8 
(Origin Lab Corporation). Data was reported as mean ± SEM.  
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